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INTRODUCTION 


Many  radar  systema  employ  range  trackers  In  their  video  processors. 
The  theory  concerning  the  why's  of  range  tracking  is  adequately  covered 
in  Ref.  1-4.  The  designer,  thus  confronted  with  the  need  for  a  range 
tracker,  is  apparently  at  a  loss  as  to  how  to  proceed  to  design  one  (a 
search  to  find  an  approach  to  the  design  of  range  trackers  has  bti?n  in 
vain) . ‘ 

This  report  presents  the  basic  analysis  and  design  procedures  for 
the  design  of  second-order,  type  2  (zero  velocity  error)  range  tracking 
integrators.  All  necessary  design  equations  are  presented,  along  with 
a  design  example. 

Acquisition  and  reacqulsltion  techniques  and  signal  detection  cri¬ 
teria  are  not  discussed  in  detail,  as  these  are  subjects  encompassing 
enough  to  warrant  individual  treatment.  Rather,  the  discussion  assumes 
that  the  range  tracker  is  locked  on. 


BASIC  RANGE  TRACKING  OPERATION 


Figure  1  illustrates  a  simplified  pulse  radar  recelver/vldeo  pro¬ 
cessor.  The  signal  return  pulse  is  processed  via  a  linear  automatic 
gain  controlled  or  logarithmic  receiver.  The  video  information  is 
then  detected  and  locked  on  in  range  by  the  target  detection  and  acqui¬ 
sition  circuitry.  The  angle  track  loop  will  then  be  enabled  only  when 
an  expected  return  pulse  is  present. 


FIG.  1.  Basic  Pulse  Radar  Recelver/Video  Processor. 
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Th*  prlaary  function  of  the  renge  track  loop  la  to  crack  the  target 
return  pulaca  and  to  enable  varloua  functiona  only  during  an  czpcctcdi 
target  return  (i.e..  In  certain  inatancca,  the  receiver  may  be  gated:  on 
by  the  range  tracker,  thua  decreaaing  the  probability  of  falae  alarm)'. 
The  range  tracker  muat  be  capable  of  following  any  moveaent  in  range,  aa 
would  be  encountered  in  aircraft  or  miaailc  applicationa.  Aa  the  alr- 
bome  radar  approacbea  the  target,  the  range  ia  obvloualy  decreaaing; 
however,  the  range  track  loop  auat  atill  be  capable  of  providing  an  en¬ 
able  gate  to  the  ayatea.  Thia  la  the  ptlaary  reaaon  for  utilizing 
aecond-order,  t3rpe  2  (zero  velocity  error)  range  trackera.  If  the  radar 
la  traveling  at  a  conatant  velocity  (aa  ia  often  Che  caae)  and  if  the 
target  abould  fade,  the  range  enable  gatea  will  still  be  provided  until 
the  target  reappears  or  reacqulaltlon  is  Initiated. 

Figure  2  llluatratea  a  baalc  eonostatic  radar- target  configuration.^ 
The  radar  tranaelta  at  tlae  Tq,  and  the  tranawitCed  polae  reaches  the 
target  at  tine  T^.  The  pulse  ia  then  reflected  nd  reaches  the  radar 
at  time  T2.  It  ia  obvious  that  -  T2.  Thus,  the  range  Co  the  target, 
R,  (aasunlng  the  pulse  travels  at  the  speed  of  li^t)  ia 


where 

C  >  speed  of  light  (0.984  ft/nsec) 

At  "  T^  4-  (total  time  of  polae  travel) 


FIG.  2.  Typical  Radar  Target  Configuration. 


It  should  be  pointed  out  that  all  the  theory  presented  will  work 
for  blstatic  radars  aa  well;  however,  the  tlae— range  equationa  and  im- 
pleaentatlon  will  be  different  frow  the  aonostatlc  caae. 
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FIG.  A.  Basic  Range  Track  Loop. 


RANGE  TRACKER  DESIGN  ANALYSIS 


Figure  6  illustrates  the  classical  second-order,  type  2  range 
tracker.  The  design  of  the  discriminator,  comparator,  ramp  generator, 
and  early-late  gates  are  critical  for  a  well-designed  range  track  loop. 
However,  these  circuits  are  fairly  well  established  and  the  design  is  not 
discussed  here.  The  main  task  and  objective  of  this  report  is  to  design 
the  range  and  velocity  Integrators.  Assigning  values  to  the  R's  and  C's 
is  not  as  straightforward  as  might  appear  at  first  glance. 

Figure  7  is  a  functional  diagram  of  Fig.  6  and  is  used  for  analysis. 
The  range  error  (actual-measured)  is  amplified  by  .he  discriminator,  in¬ 
tegrated  and  compared  with  the  actual  range.  The  box  marked  output  scale 
factor  (Sj^  ft/volt)  simply  relates  range  voltage  to  feet.  Figure  7  lends 
itself  to  straightforward  feedback  analysis. 


A 


DISCntMINATOn  O' 
-  VOLTS  — 


NHC  TF  5566 


NAMCE  CATS 
TWIGGEfl 


-IIASICC  VOLTACC 


aANLE 

GATE 


MASTER 

TRIGGER. 


TARcrr  vMxo 


EXPANDED' 

DISPLAY 


TME.  RANGE 


(a)  Range  raap-range  voltage  timing. 
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(b)  Discriminator  volt-error  curve. 


FIG.  5.  Rar^t  Ramp  and  Discriminator  Timing. 
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The  denominator  of  Eq.  10  Is  of  the  classical  form  of  a  second-order 
feedback  system 


+  a-DS  +  a.D  -  +  2«w  S  +  u  ^ 

2  1  n  n 

%diere 

6  ■  damping  ratio 

■  loop  undamped  natural  frequency 

»  • 

It  Is  obvious  from  Eq.  11  that 


and 


6 


(11) 


(l"a) 


(12b) 


The  order  and  type  for  a  feedback  system  arc  used  Indiscriminately 
by  many  people.  The  most  common  usage  is;  the  order  of  a  system  refers 
to  the  highest  degree  of  the  polynomial  expression  for  the  character¬ 
istic  equation  (Eq.  H)  and  the  type  of  system  refers  to  the  number  of 
poles  of  the  LG  (Eq.  c)  located  at  the  origin.  Thus,  from  Eq.  8  and  11, 
the  range  track  loop  Is  a  second-order,  type  2  system.  It  Is  well  known 
from  classical  control  theory  that  a  second-order,  type  2  system  has 
zero  positional  and  velocity  error,  and  a  constant  acceleration  error. 

The  similarity  of  Fig.  7  to  that  of  a  classical  phase  lock  loop 
should  be  noted.  Indeed,  if  range  Is  substituted  for  phase,  velocity 
for  frequency  change,  and  acceleration  for  frequency  ramp,  the  basic 
range  tracker  loop  and  phase  lock  loop  are  Identical.  (Appendix  A  dis¬ 
cusses  the  similarities  between  the  range  track  loop  and  the  phase  lock 
loop.)  The  following  discussion  Is  based  on  classical  phase  lock  loop 
theory. 

The  design  of  the  range  track  loop  will  depend  on  the  maximum  range 
error  that  can  be  tolerated  for  various  step  position,  step  velocity,  or 
step  acceleration  Inputs.  The  error  equations  may  be  given  as 


Range  error  (c)  -  ■  -  AR 


(13) 
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Substituting  Eq.  8  Into  Eq.  12 


t(.)  -  .S^lnput(.))  . 

+  a^DS  +  a^D 


(14) 


Substituting  the  various  input  functions  (step  position,  velocity, 
and  acceleration)  into  Eq.  13  and  solving  for  cCs)  yields  very  compli¬ 
cated  results.  However,  Ref.  5  has  solved  and  plotted  these  equations 
as  a  function  of  6  and  u  ,  and  Fig,  8  illustrates  the  various  normalized 
error  plots. 

The  effects  of  the  damping  factor,  6,  on  the  error  response  is 
easily  seen  from  Fig.  8.  Classically,  the  choice  of  d  depends  on  the 
wanted  error  overshoot,  closing  time,  and  bandwidth.  The  noise  band¬ 
width,  BW/N,  for  a  second-order,  type  2  system  may  be  given  as 


BW/N  =  0.6u  0.4  <  d  <  1  (Ref.  5) 

n  —  — 


(15) 


and  experience  has  shown  that  a  fi  of  0.707  yields  near-optimum  error  re¬ 
sponse  and  noise  bandwidth. 


(a)  Range. 

FIG.  8.  Error  Response  to  Step  Inputs. 
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FIG.  8.  (Contd.) 


I 


IWC  TP  5568 


Figure  9  presents  the  relationships  between  circuit  design  param¬ 
eters  (Aj^,  ky  D,  and  to  a^^,  a^,  6  and  w^). 

Before  discussing  the  design  of  the  range  tracker,  the  following 
basic  factors  must  be  known: 

1.  Maximum  tracking  range 

2.  Maximum  tracker-target  velocity 

3.  Maximum  tracker-target  velocity  step 

4.  Maximum  acceleration  due  to  g  force 

5.  Power  supply  voltages  available 

6.  Maximum  range  error  (c),  AR. 

Many  range  trackers  employ  two  bandwldths:  one  wide  bandwidth  for 
quick  normalization  of  a  velocity  step,  and  after  velocity  normalization, 
a  slower,  narrow  bandwidth  for  normalizing  out  any  expected  accelera¬ 
tions.  The  changing  of  the  bandwidth  is  easily  accomplished  by  changing 
R2  and  Ci  (see  Fig.  7)  via  a  relay.  However,  the  damping  factor,  6,  for 
the  two  bandwldths  should  be  the  same  (6  independent  of  a>  ),  and  should 
be  kept  in  mind  as  we  proceed. 


RANGE  TRACKER  DESIGN  EQUATIONS 


The  design  of  the  range  integrator  component  values  xs  straight¬ 
forward.  The  maximum  tracking  range  is  X-miles  (nautical  or  statute) 
and  the  maximum  voltage  that  can  be  obtained  from  the  range  integrator, 
Y.  Tlie  range  voltage  slope  (S^)  in  volts/second  will  be 


(12.35  X  10  )(X-nmi) 


(10.73  X  10  )(X-mi) 


The  range  slope,  S  ,  in  foot/volt  may  now  be  given  as 


4.92  X  10 
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Loop  gain  (LG)  ■ 


Let 


*1  "  ^1^2 ®R  *2  “  ^2^3^R 


‘7.^) 


Range  track  loop  transfer  function 


R„  a^D  +  A^DS 

—(e)  -  - 

A  S"  +  a2DS  +  Sj^D 


The  denominator  Is  of  the  form 


2  2 
S  +  2d(ij  S  H"  (i) 
n  n 


/!m\  LG 

-  1  +  LG 


or 


Now 


+  a2DS  +  a^^D  -  +  26a)^S  +  +  ^A^A^Sj^JoS  +  jAj^A2Sj^jD 

%  ■  >/V  ■  (JVA)f«) 

a^D 


2u) 


n 

If  a  multiple  bandwidth  system  is  wanted,  5  should  be  independent  of  m  , 
therefore  ^ 


26 


■  Constant  (K) 


</*!  ^ 

Keeping  Sj^  and  A2  constant  (i.e.,  changing  A^  and  A^) 
^3  _ 


The  noise  bandwidth,  BW/N  =  0.6a) 


O.A  <  6  <  1 


FIG.  9.  Second-Order,  Type  2  Range  Track  Loop  Analysis  Equations. 
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Since  the  loop  is  a  second-order,  type  ?  track  loop,  the  voltage 
o  itput  of  the  first  integrator  (or  velocity  integrator)  is  linearly 
related  to  input  velocity.  Thus,  if  the  target  should  fade,  the  output 
range  voltage  will  "coast"  at  the  last  target  velocity.  Stated  another 
way,  the  oi  tput  will  be  a  linear  raop,  the  slope  of  which  is  dependent 
on  velocity.  Figure  10  illustrates  the  pertinent  design  equations  for 
the  range  integrator.  A  design  exanple  will  be  presented  later  to  dea- 
onstrate  the  design  procedures. 


The  output  scale  factor  is  Sg  (ft/volt).  The  maximum  output  slope 

occurs  for  maximum  velocity,  V  .  (Tlie  input  to  the  range  integrator  is 

E  /max.) 
v 


Now 


dEj^/max 

dt 


V 

max  /volt  \ 
Sj^  \  sec  / 


Therefore 


V2 


(V'^Xsr) 


max 


1^ 

A. 


FIG,  10.  Range  Integrator  Design  Equations. 
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Figure  11  is  a  plot  of  the  range  error,  for  normalized  veloc¬ 
ity  step,  Vel/jp  (see  Fig.  8b).  The  necessary  for  a  given  velocity 

step,  Vel,  may  be  found  as 


where 


u  /Vel 
n 


XAVel 

AR 

V 


(18) 


AR 

V 

X  ■  value  of  from  Fig.  11  for  a  given  6 

'  n  ■ 

AR^  ■  maximum  permissible  range  error  for  velocity  step 
AVcl  ■  maximum  velocity  step 


The  design  equations  for  Rj^,  R^,  and  Cy  can  now  be  found  by  solving 
Eq.  6,  7,  and  11.  The  results  are  Illustrated  In  Fig.  12. 

Figure  13  Illustrates  the  range  error,  ARg,  for  normalized  acceler¬ 
ation  step  (see  Fig.  8c).  The  natural  frequency  for  a  practical  acceler¬ 
ation  .nput  is  usually  smaller  than  for  a  velocity  step.  Therefore,  the 
design  for  a  given  acceleration  is  termed  the  narrow-band  mode.  The  loop 
natural  frequency  may  be  found,  using  Fig.  12,  once  the  maximum  range 
error,  acceleration,  and  5  are  known. 


u  /Acc 

n 


X  Accel 
AR 


(19) 


Now, 


may  be  found  similarly  as  in  the  wideband  mode 


A_ 

Accel 


u  ^/Accel 

n _ 


D 


or 


/Accel 


X  Accel 


AR  D 
a 


(20) 


(21) 
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* 

T 


M. 


^M&BTce  3i  ^  mmF  irar.  A. 


m  ^rvtsl 

T) _ 

D 


a^/Bcl 


25»  /Bel 

T) 

£ 
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Thus,  once  a2  and  liave  been  calculated  for  the  wideband  mode  (veloc¬ 
ity  step),  the  constant,  K,  has  been  determined.  To  solve  for  the 
narrow-band  a2,  simply  solve  Eq.  23 


a2/Accel  ^KSj^/Accel  (24) 

Figure  14  summarizes  the  design  equations  for  the  narrow-band 
(acceleration)  mode. 


FIG.  13.  Transient  Range  Error,  ARg,  Due  to 
a  Normalized  Acceleration  Step. 


DESIGN  EXAMPLE 


Now  that  the  design  equations  have  been  presented,  a  typical  range 
tracker  will  be  designed  to  illustrate  the  usefulness  and  validity  of 
these  equations.  The  range  tracker  will  be  designed  according  to  the 
following  specifications: 


Maximum  closing  velocity,  ft/sec  .... 
Maximum  acceleration,  g  (180  ft/sec^) 

Maximum  range,  nml  . . . 

Maximum  velocity  step  AVel,  ft/sec  .. 
Maximum  voltage  fc  l  range  ramp,  volts 

Range  gate  width,  nsec  . 

Maximum  range  error,  ft  . 


1,250 

5.6 


30 

400 

15 

100 

AR 

arT 


18 


VELOCITY 
VOLTAGE  »E^ 


For  a  given  step  acceleration,  find  (for  a  given  6  and  range  error 

ARJ  u  /Vel, 

A  n 

«u  /Accel  “  /— 


where  X  is  read  from  Fig.  A. 


where 


a^^/Accel 


X  Accel 
(AR^)D 


•2^''^  26 


a^/Accel 


K^a^^/Accel 


1 

a^^ /Ac  cel  Aj^ 


a2 /Accel 


The  closure  time  may  be  found,  knowing  6  and  from  Fig.  A. 

Fig.  lA.  Velocity  Integrator  Design  Equation  (Narrow  Band). 
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DESIGN  PROCEDURE 


Deteralne  Linear  Raap  Width  (see  Fl«.  3) 


1  oni  >  12,35  psec 


therefore 


At  -  (l2.35  (30  tmi)  -  370.5  psec 


Determine  the  Range  Slope,  So  (Eq.  16  and  17) 


g  .  _ Y  (volts) _ 

^  (12.35  X  10~S<X-nnl) 


c  *.92  «  10 
^  "  S 

V 


«  (6.026  X  10  )(: 
^  Y  (volts) 


12.15  X  10  ft/volt 


-  12,15  ft/mUlivolt 


Desijtn  Rang.e  Intesrator  (see  Fig.  10) 

Once  the  range  slope,  is  known  it  is  a  sieplc  natter  to  define 
the  range  integrator. 


(Sjj) 


*S^2  Vel/nax 


(31 


where 


E^/aax  -  velocity  integrator  output  for  Vel/«ax 

Vel/aax  ~  waxlMua  expected  velocity 

The  value  for  Ev/max  la  open  for  choice.  Thla  voltage  may  be  used  for 
other  system  functions,  so  a  large  voltage  Is  usually  specified.  Let 

E  /max  ••  10  vi/lts 

V 

How 


B  r  -  (12.15  X  10^) (10) 
3  2  1250 


(32) 


E3C2  -  97.2 


(33) 


or 


A. 


R3C2 


-  0.0103 


(3A) 


It  is  usually  desirable  to  solve  for  R_  after  choosing  a  since  ca¬ 
pacitor  values  are  restricted. 

It  is  obvious  tliat  A-  is  too  small,  since  a  of  1  microfarad 
yields  R3  *  97  megolims.  It  is  a  simple  task,  however,  to  scale  R3C2  by 
placing  an  attenuator  in  front  of  the  integrator  (Fig.  15).  Resistors 
and  attenuate  the  input  voltage  to  the  Integrator  to  yield  more 
reasonable  values  for  and  C^.  Let 


Rj  -  1  C2  -  2.2  pF 

How,  from  Eq.  30,  substituting  E^'  lor  E^, 


E  ' 

V 


Vel/max 


(35) 


(36) 
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A  Talne  of  a  *  0.7  vlll  be  chosen  as  this  yields  near-optimna  noise 
bandvidch  and  transient  response.  The  narlamaiii  range  enror,  will  be 

10  feet.  Using  Fig.  12, 


XAVel 
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where 


X  ■  maximum  normalized  error  for  a  given  6. 
Thus,  for  6  ■  0.7 
X  -  0.46 


(42) 


and 


b)  /Vel 

n 


(0.46)400 

10 


18.4  rad/sec 


(43) 


The  noise  bandwidth  is 


BW/N/Vel  -  0.6a)  /Vel  -  11.04  Hz 

n 


a^/Vel 


u  ^/Vel 

n 

D 


338.6 

D 


82 /Vel 


2(50)  /Vel 

n 

D 


D 


(44) 


(45) 


(46) 


'Experience  has  shown  that  a  discriminator  gain,  D,  of  50  mllllvolts/foot 

will  yield  realizable  values  for  R, ,  R  ,  and  C  . 

1  V  V 


R,C 
1  V 


_  (0.0103)(0.05)(12.15  x  10^) 


w  /Vel 

n 


338 


(47) 


or 


-  0.0185 

Rj  A2Sj^ 


“  Aj^/Vel 

_ 520 _ 

(0,0103) (12.15  X  10"^) 


(48) 


(49) 
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or 


■—  -  4.163  -  A-/Vel  (50) 

Rl  3 


Values  for  Ri ,  R^,  and  Cy  will  be  solved  for  after  the  narrow-band 
(acceleration)  values  have  been  found. 


Design  Narrow-Band  Acceleration  Integrator  (see  FIr.  14) 


/.  ,  /X  Accel 

-  -Jb— 


(51) 


where 


X  -  1.05  for  6  -  0.707 


AR^  “  5  ft  (Note  that  this  Is  smaller  than  AR^,  which  Is  10  feet.) 


Now 


24 


u 


.  6.15  rad/s 


ec 


BW/N/Accel  =  0.6a)  /Accel  ”  3.68  Hz 
n 


/Accel  -  -  <^Uy.0)  .  ,36 


AR.D 
A 


(5)(0.05) 


V  -  26  _  1.4  _  , 

7d  0:223 


a^/kccel  -  Kja^yAccel  *•  6.26V756  =  172 


-l^A  ■  7^  ■  ,  10^)  . 


756 


(52) 


(53) 

(54) 


(55) 

(56) 


(57) 


jiiBhitfi/* '¥  riiiijji  tf  1  - 
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172 


I  ■  M  ■  ■  ■  -  I  ■  ■  ■  ■!■■■■■■■  ^^  ■■■_■  ■■  11 

(0.0103)  (12.15  X  10^) 


-  1.37 


(58) 


Let 


-  2.2  wF 


p  .  — ■■■  -  75. 5K  ft 
^  2.2  X  10"^ 


(59) 


Now,  from  Eq.  58 


R.  -  (1.37)(75.5K  ft)  =  103. 4K  ft 
A 


(60) 


Now,  knowing  R^,  R^,  and  C^,  may  be  found  from  Eq.  50 


R^  -  (4.16) (75. 5K  ft)  -  314. 3K  ft 


(61) 


From  Eq.  48 


0.0185 


0.25  yF 


(62) 


Figure  16  illustrates  the  second-order,  type  2  analog  range 
tracking  integrators. 

Table  1  summarizes  the  design  calculations. 

The  discriminator  gain,  D,  is  seldom  constant  in  most  designs  (D 
will  usually  be  at  least  somewhat  dependent  on  the  received  signal  in¬ 
put  intensity).  Figures  17a  and  17b  Illustrate  the  effect  of  varying 
D  on  the  natural  frequency,  u  ,  and  damping,  6. 
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DESIGN  RESULTS 


Figure  18  Illustrates  the  experimental  range  track  loop  (Appendix  B 
contains  the  schematics  for  the  early/late  gates,  discriminator,  ramp 
generator,  and  comparator).  The  measured  output  range  slope,  S|^,  is 
12,800  foot/volt,  which  compares  favorably  with  the  predicted  value  (Eq. 
29)  of  12,150  foot/volt.  (This  deviation  can  easily  be  adjusted  If  one 
wishes  to  place  a  potentiometer  In  the  ramp  generator.) 

Figure  19  Illustrates  the  velocity  Integrator  output  voltage  versus 
velocity.  Again,  the  small  difference  between  measured  and  predicted  Is 
due  to  the  deviation  In  Sj^. 

The  track  loop  was  designed  for  a  discriminator  gain,  D,  of 
50  mllllvolts/foot;  however,  the  measured  discriminator  gain  Is 
35  mllllvolts/foot.  This  deviation  may  also  be  adjusted  If  a  poten¬ 
tiometer  is  placed  in  the  discriminator.  However,  this  deviation  only 
slightly  degrades  and  6  (see  Fig.  17).  The  predicted  values  for 
and  6  for  a  discriminator  gain  of  35  millivolts/foot  are: 

Wide  band  ••  15  rad/sec  6  ■  0.6 

Narrow  band  “n  “  ^  rad/sec  6  •  0.6 

Figure  20  shows  the  error  voltage  as  a  function  of  time  for  a  300-foot/ 
second  velocity  step.  A  comparison  of  this  figure  and  the  theoretical 
range  error  (see  Fig.  11)  shows  the  system  Is  Indeed  slightly  underdamped 
(6  s  0.6).  The  measured  values  for  ^  are: 

Wide  band  ^  15  rad/sec  6  =  0.6 

Narrow  band  ^  5.5  rad/sec  6  ^  0.6 

The  Important  point  is  the  measured  and  predicted  values  for  ^nd  6 
are  very  close  (the  value  for  D  was  increased  to  50  mlllivolts/foot,  and 
indeed  the  values  for  and  6  approached  tl)e  designed  values  shown  in 
Fig.  17). 

Figure  21  Illustrates  the  effect  of  decreasing  the  video  Input  pulse 
(thus  D) .  D  was  decreased  to  15  mllllvolts/foot.  The  decrease  In  6  Is 
obvious  (6  ^  0.4).  Again,  6  Is  Independent  of  bandwidth  and  The  pre¬ 

dicted  (see  Fig.  17)  and  measured'^  values  for  are: 


Measured 

Predicted 

Measured 

Predicted 

Wide  band 

10.7  rad  sec 

10  rad/sec 

4 

3.8 

Narrow  band 

2.8  rad/sec 

3  rad/sec 

4 

3.8 

p 

The  measured  value  for  is  easily  found  by  noting  the  time  of  the 
first  zero  crossing  of  the  error  curve.  This  gives  the  value  w^t.  Thus, 
simply  divide  the  predicted  value  for  w,,t  (see  Fig.  8b)  by  the  measured 
time  to  find  u^.  The  value  for  6  can  be  closely  measured  by  comparing 
the  undershoot  with  that  of  Fig.  8b. 
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FIG.  18.  Second-Order,  Type  2  Range  Track  Integrator 


(a)  Wide  band;  JOO  ft/sec;  0.05  V/cm;  O.i  suc/cm; 
video  input,  1  V. 


CM 


(b)  Narrow  band,  300  ft/sec,  0.2  V/cra,  0.5  sec/ 
cm,  video  input, 1  V. 


FIG.  21.  Error  Voltage  (l)  Versus  Time  for  AVel  =  300  foot/second, 
D  =  15  millivolt/foot. 
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OWCLDSIONS 


This  report  hss  presented  a  slople  approach  to  the  design  of  second- 
order,  type  2  range  trackers.  The  validity  of  the  design  equations  is 
demonstrated  by  close  correlation  between  measured  and  predicted  values 


of  w-  and  6  for  a  design  example. 
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Appendix  A 


RANGE  TRACK  LOOP/PHASE  LOCKED  LOOP 
COMPARISON 


It  v«s  steted  that  the  range  track  loop  is  essentially  a  phase 
locked  loop.  A  brief  discussion  vlll  now  be  given  to  clarify  the 
similarities. 

Figure  22  illustrates  a  basic  phase  locked  loop.  'iTie  loop  input 
has  a  phase  which  is  coopered  .with  the  output  phase,  f  The  dif¬ 
ference  in  integrated,  F(S),  and  the  resulting  voltage,  V2«  drives  the 
voltage  controlled  oscillator  (VOO).  The  nature  of  feedback  ensures 
that  after  loop  closure 

e  -  6.  (61) 

o  1 

The  error  voltage,  c,  oay  be  given  as 

t  -  -  e^)  (62) 


aftiere 


K^  *  phase  detector  gain  factor  (volts/radian) 


FIG.  22.  Basic  Phase  Locked  Loop. 


Figure  23  illustrates  the  basic  range  track  loop.  The  input  to 
the  discrininator  is  essentially  a  voltage  that  represents  true  range 
(see  Fig.  6  and  7).  This  range-voltage  conversion  is  accoraplished  via 
the  early-late  gates,  \'<oltage  raiap,  and  conparator  (see  Fig.  S).  The 
error  voltage,  c,  is 


3A 


c  -  D(R,  -  R  ) 
i  o 


(63) 


me  TP  5566 


lAcrc 


D  *  dlscrlainator  gAln  fuuctlon  ivolc/foot) 

Thus,  the  range  tracker  is  oothing  sore  than  a  phase  locked  loop  with 
Inputs  of  feet  rather  tl.  an  radiac«>. 


#  -  D  W.  -  R  I 
/  • 


RAMGE  INPUT  (VOLTSi  ^ 

DISCRIMINATOR 

/  , 

FIS> 

- 

( 

1 

RANGE 

OUTPUT 

IVOLTSt 

i 

FIG.  23.  Basic  Range  Track  Loop. 
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Appendix  B 

BtfCE  TKACK  LOOP  SGBEMATICS 


Ficnres  24—26  illnstrate  the  range  rasp  generator,  earljr-late  gates, 
and  range  error  diacrinlnator  and  conparator.  Tbese  circuits  are  con¬ 
nected  as  sfaoiai  In  Fig.  6. 


36 


100K 


FIG.  26.  Comparator 
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NOMENCLATURE 


Accel 


1/RlCi  (Where  is  the  velocity  Integrator  time 

constant) 

I/R2C2  (Where  R2C2  Is  the  range  Integrator  time  constant) 


R2/R1  (Velocity  integrator  gain) 
Acceleration 

^^2Sr 

^2^3^R 

Noise  bandwidth 

Speed  of  light  (0.984  ft/nsec) 
Discriminator  scale  factor  (volts/foot) 
Range  voltage  (volts) 

Maximum  velocity  integrator  voltage  for 

RfaE^/max/Rb  +  R^ 

Constant  (26/D) 

Loop  gain 

Actual  range  to  target 

Measured  range  to  target 

Laplaclan  S 

Scale  factor  (ft/volt) 

Range  voltage  slope  (volts/sec) 

Maximum  closing  velocity 

Damping  ratio 

loop  undamped  natural  frequency 

Range  error  (AR) 

Range  error  (e) 

Maximum  velocity  step 
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